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(54) [ISK©^] JfeW&B— /K7 4fr9 
1 

(57) [WttM^CDlGEB] 

45fi©7%ST-S§atd, «»tm^$^tSm^$^-i:§^gl 
■fzm 1 ©tjtJBJHRi:* ±IB7j<¥*5iE^[plCMbT¥ft 

»BSr*i:#«JMM£*u mogggsdi^tfgggtd, £ 

ditfPx/,r2 

3od, =P, ©W&tfc?. z fZtmt tS^ftn-ys 

45s©^«T-s§efd, ««-«jt$»i:*»3fcia*fc*^ii 

■fSS8l'©*S*r*i:, ±IB*¥^*^^CMbT¥ff 



2 

jaodi^P./2®M*tftSCi:S1*ai:-rs3fc*Wn- 

Cl»*@3] S^»»?©7jc¥k*^lpI(c^UTs US 
45«©^a-CS§gfd, £ft»^#fcJI«3toS#i:fcfl« 
■fa* 1 ©ffiS#T4£i^ ±E*¥***filC»U'r¥fT 

asjrtRfcfftuietistu fios§gid, tmm, torn 

d i <f2 d 2 

©H« fc ft -5 £ i: £*N&4:-f 5*^owu 7 -r ;u 



( 

3 

3 f3«©^^Wo -rt* y-ovto 

©H&#, d,<P,fibd 1 =P,©W&£&3-i:£ i !f$^ 

ttfllrttfctfWIESSfu aogg$d, £E£d. ton 
de/T2 < d i <f2 dz 

[»«a7 ] 8EHd, hSft»^«?©7X¥iB^^!lP. 
©H&#s d,=P,©H^(cfe5Ci:^#ai:1-5it^ 

6 !3«©^«o->^ 7 <f o 

[»*«8] EMd. fcBflWfW^CjfcTOlJlSWIW. i: 
©H&#, d,<P,{Hbd,=P,©IS«t:fe5Ci:^#®:i: 
■J-*W*S 6 E«©**«d'w^ 7 4 ;i^o 

SJ¥t±©*iJffl#l? 

AMBtfCEBSix, U T^©»« 
^fiiff-r s#^fi<jo-7t7 7 w 

*17HBu H<tt«i«?©BJlSEai**VPlP0iftw 
•f&©T\ PIEt^T, H#7k¥7t*;£|pK v#gig: 

tt> #fe7 w ^*1G* J:W«ft7 -f ;V7'1B#P. ©7K¥7t 
*#B©iS*IHRre*£CEE;*tu ^©ffcfrtrfct&fi 

7 4 ;i/^2G43«ttf^fe7>f ;i/4'2E* J P, ©F^PiT-^Sfciia 

zvmmM&ijftvmmrMmiM, tutu, 

>7*>J l^snsfctt**** 1 * ir->7'J V^JgSJCfc 
WC93£4>&J:-5C* •9->7">J >^&gfc©l/2©JS& 

sa-rsct^r-t-r, cnti±©^$»j&9-#@<«t 

7x^7 y=,A£7j%ti.5^ (f.=0,f, = 0) ©ffittS 
(fibkf 5^— ^>'KJ58* (2G,R,B©^7 h;vT-^ 

-r) offec, 'JT^tfis^-r a. 8 

18H©«lfftf, , mm, it, &*P, /27ri5<tOT, /Ztc C <t . 

5 lESfc* ft**™*** ± vgiSHRic^^ b-c^ 

So (f. =l,f, = 0) Ott«ft(f>iC»J:l/T4i:*^+'J 



2) #8* 2 5 0 7 0 4 1 

4 

7J52#fcfc, SB*l9K:atfSMa©'7Nb7'f 7"A»f>&3 
%tm&^Wm<Dft£*7 1/ 44153*, (f. =1/2, 
f, = 0) ©taBS^fcLTSfebi^+Ur^tts ^ 

*3S^IK>< h 7-f :/B*C»fi* J: tf^-tf 
D7,*7-It (ttfe©5) SSWt <r©£lfi^ii 
* 5 HI* feft £ d i: o T 4 15 5 * CDTJB* 
£4;L3«g#«&*§^. (f,=0,f, = l) OffiB* 
*<h£bT£b§** *ffl*>vi$7h-7-f 7 
©^tC*7l/^4D$#5. 

fcBU ?>7V>#%miC®i-?-C, A»*©o*.x JEM 
fl5*¥JS*S"Cf. =l/2tt±©*¥H8HRfiR#, 

iBS^baiajBaBSTff, =i/2tt±oaifija«a8M8^* J: 
tF*¥*iaci±f. =i/2©£T-fefi^£t)->7-v >7*b 

3B«J)S:*^»««flBt«Mt*»19iatw-r- HHTf (A) 
tt*¥J*««MM£x (B) ttaEMttftttttft&*-. 

20 (Dm 1 ©t&fctfli: bTtt, «fWW60-164719*&«fc:S 

«fc-5lc> aiOSLBSflR, .»2<D»B#f«*J:V»3 0 
ffiJSIfStf^EBSn, l*©AW^*7feb<tt8 
*c^«-rS3fc^Wn-7^7s7-f ;u^©**W*fi*B* 
30 »t&t«)?*S#, JWS«li:UTI±»l,*2,»3oa 

-£tu d, , d,, d, fc-fS. ) ©Hft^s d, *P,tIo 
di = da* da/f 2 

©Bl^t$>S^JA s ^$nTV>So ZQ>i.*>1Z&&<D%& 

fc^-ri^fc^«**u *©H«E»»tttt»2iigcwf 

^21^C4b'VNT (A) tt*JF*|q|©Htt»Wtt*jj* 
40 U RH201©ft«"CS-rf,=l/2,3/2-fi:h5vrJl«'r 
> h^*-r5C0S*-7i: N P^202©fti^T-^-rf, =1, 

a.-tb?-?/*^ > h*#-rscos' *-r*-&jssufc 

ffliS^OStf^OTlc^SlRlCjlia^ttt^S. *fc^21 

ia(ci5v>T (b) ttaB^Bfcwaasttttiw-f^ f, 

=P, /P, 0«f»flSf©ffl«SRt h7V 7*^-f > h 

cos 1 *-7 (i§]02O4ffltt^) 3&«a«*iaoa3ii$ttfc 

1$&<D%&%IV-KZ7 4 frtofavm (^2 ©t»e* 
W i:bT(i, »23HCwfJ:5Cx 7K¥^2^(Slt>:M 
50 WjfcjS^fciEffjiya^ftlgEd, (=P. ) «tt-*«t*» 



( 3 

5 

xm&*mm (=p./2) 2 ©««*?« • 

222^ mjMM&5®£.8%ftmfrtiE%ytm$-tzm 

fild, (=P.) £l77}$-r3S83©$ffl#T«223i:£€ft 
■tftSBl , % 2 CD A /4ffi *g}£224, 225 5 ^ b TJI C 4UB 1/ 
£«$©•&©#& 9, c©82©«#«©#£«jn-^ 
77^MtJ;om l*©A«^«i^240t^-ri 

ft*. 

»2SHt*^T (A) tt*3PAlD!rn(DJHtHRm£* 10 
3% U f. =1/2, 3/2-fc h7-y 7sl?>f > h fSCOS* 

•s.cosa-t' (iHiiaffl^242) («*) bfc 

|SIIlffli&i243©*-7*©t#£i:ft*. ^^^25ISic43VN 

t (b) &m&%®<!>mmffi&%mt#. f, =1/2,3/ 
2-ch7»r*-f >h**-racos*~r (pushup 
4) &mm*ft<Dmmft&bftZo w±o^stt, bis 

m9HC*b&JIffl4iMCffivM*fcftoT^S. 

SC, «*©*^fl9D-/^7-f;^OflhO« (SB 3 
©«e*0d) tlTIt J&26Blfc5VrJ:3C, S623Hfcjj* 20 
bfcg 2 <Dmimfrt>% 3 ©«JS#T«hg! 2 © A/4&*| 

( a ) t ^ b fcjB 2 fiioaaasMt 

ttfcBH*tti:ft!K S^^lfcfcfcttMaSttft** 
ftv^ttfcft*. £©i83©tt#flB:,'gfijteto&iSffl 
fcttfcSRfflbT, 'MS • ffi3* Hbfc£g«fc b&flTJ 
fcSo ft*, E<D«IT*»2©|»«flkBl5<*¥*Hii 

©jB*»i«Ett, Biaaumitttticxv^hfts.' 30 

b*>bft#?>, ±atfcfl6*©3teW9n-/«7-f A 
* CttTiB© <fc 5 fcHU*#ft 5 . 

£ 1 ©tt*«fc*B- 5 HUUKtt**' <2ofe5, ^cd 
SB 1 HU ztciiauaJfffitf 3 Si** $ D , '.hStfls - fin 
7 Mb£*f <ESrr*Ci:T*S-. *>ft<frfc, ±j£© 
<fc$ft#^nwW7 4;i/*©fli»HU BK-tClftS 

JB2t±, TfB©<fc?CSiS#ft©M$tt#^i?Si: 
ft*ig£##&-r3 - tT-$>Z>o ±j£bfct££ 40 

©#*«D-^*7 4;Hr©aaM*tt©5-^ 

©*# tt(i*5f5«»f zmfcWLf&frizmi zti-c^xm 

19H (A) Cwbfc3S^fcffi^4^#»6ftT^* 
gtfi7jft©#ttCtt&©<fcd£F^S£#;i5S. 

»2oia©J:5c#*£ft & i*©Ait#©Sia#iqi© 

^ttfigSffcts P,/2$rS^i:bfc^©T-feD^ H*©*¥ 
*I^MIHP.CJ:!)ftS*iiTV^ HX©££#tqIllM9 

ns^ttffliiB^ttffl h 7 * > h tzmmmm/zr- 

$> 5© £*f bP, /27ffIEglfb bfeSfiii«S©P, /P, © 50 



«tt2507041 

6 

£ (#J:tf*©*HW8F©«*ft) fcft!K P..i:P,©Hff 
tCfcoT F5s/ r^A^-fbtSCiltftS. bfctfot 
P,/P, #l/2fc&^fc£fc B:> ±i£b 

mm-tm *>fts#, p. #2p, <t D<hs < ftoTP,/p, 

#l/2fc*S <»ft*tti:ftSH<WII«?JSCt±^ 
fc*M£tfff&*ifc<fc*. c©i^.ft«JBtt % 
flEft±tr«*fc*¥*ia©Ii*»ft*< bfcHfl««* 
?fc43V\T#B£-f*. -3*D> SiS^|pI©ll^an, tfx 
1/ Ei* a >#£fc*-3VTft££ixStt (HTSC*attt 
^5001]^ -PALEST" Jiift600IjSit) CH^SftT^S 
fc»P,#-STfc*©fc;t*U P. (±*¥7?lRJliSil§&n, © 
*ftCJ;D*flsU !£oTii,#*<ft*-fcP,/P,tt*& 
<ft*. ^JiKNTSC»S!;i?*¥^riRlBi»«4 s 670IB*© 
SteCtt* ^UKS> 3 >«*©«• «tfc#3:4 (=500:6 
70) P. £ft*. CI©<i;-5ft:t§-&©, ft 

#©ft^l$ D-;«7^W ©SB^|Sl©®3i#tf {±, 
SS22ia211©ffiji{c^f<RM4i:*»), |H]EI212©fflSt^ 

t^^fc©aa»ja«aR«©tt¥ff t brans** 
fHfi^#*t<ftSo e&ftfcc, *7H*ft«Ki4oo 

k <J>ft^$£fctt> P, /P, =3/500/4/400 =0. 6 J: ft & s 

c©»^©»ttt±Hia2i3©ffl«i:ft!), mmm.oi&m 

^^7-f;U^T-+7>ft#tt3!) s »?)tlTV>5„ ) 

£2©{E3fE0!©iaB£(^ Jl«S^4(±S«a^Ci£ 
iWff^Stfs 7>f;i/^ffl«^ttSc*sasff«3 
*Sci:A/4{4ffitg2tSc©H-5t!ci:^?)^ /J\fMb««3^b 

JB3©«3lE«©IBIHj*itt, Sit^S^lSl©^«t!t#tt 

ts fi3^hft*E*i:b&fe©tt» 3^h^7>ib^ 
tJtb14ll©^b* s ^§v^i:^5*2©p ( gja^4sfe5. 

«*?©*¥?6iE*lRlfc»bT, BS45Sffl^g-?S§gfd, 
«ft»*««-i:**3tfi8«-J:*dl»1-*» 1 ©ffiJB#ftR 
^:^ ±IB7jc¥*a^r|pJC*fbTBS¥fflcSg^(i 1 ^Jtm7t 
JKfl-i: Hit jttjA^h Zfr&tzm 2 ©«aif« h i 5 ft 
±E*l,*2©«JB*ftR3S s «WE«3fnfc*^fl«ID 

£2 ©8EBU @«:»^*?©7X¥7ta^^C 
^bT. B6 

sin " 3 l//"3 



( 4 ) 



fttf 2 5 0 7 0 4 1 



7 



8 



JKWSfciBfctK ±tESSl,SS2©£fiJr«#«JfEM &©*«(££ 2©«B#r«12C «fcot, 



*fbT^ ^iICd,«tt*3^£fcJI*3^#fc*#lK *©*U>21~24©4*©#»fcfl«3;h.3. 



*©ftK"T;ffi«d.«lt**j«^i:JI**j5R*4:ft^«1- "eiE«flsUfc*¥«a»©l/2 • P./d. (=f.„ ) ©* 

S^2©ffifl|f«i:> ±f3*¥***lRl{C*fUT, B&¥ R«©A*fch5v7j|W>h***SC0S*-7'©H« 

©«JB*f«i:it)«:.l)x ±E»2©ajB«f«4 s «*'HCffi ' I / 2 • P x / d i / iT 2( = f » u a ) 

at^ctat, ±f3»i,^2,^3©aja#fffi4 s *)iiBs 

**hhu ±Bbfc*j8©#3 s *jn-;t*7-r 1 / 2 ♦ P „ / d l / f 2 ( = fv, 8 i) 

TOWHHSP. fcaUMtlRMP, fcfflH&#P r/ /P, ©ffi# ©«HMgF©j&fc vrtf-f > hS^-TSCOS*-:/© 

l/2fc*S<*ft5»^fc** *¥*fi©#S:6-rSiS Wi8MSttS*bT^*. ^D, *»ffl*?fl<)o 

*B©jiittrt«tfe3iffltttc«vMi*aj«UT» OA w^7-f^©*¥*ia©ja«a»«rttttcos-f./f 

^©»£©'J>fc^Bfl««««ft£Sf -6 *©***. 20 .,, • 7T/2x COS f,/f,„ • 7r/2©f$tti: 

HffitfiJ iPltttCOS f,/f„, • 7r/2©/iS[|gc#tt^^1-i,„ 

6lT*»WCo^THfflft#flSUTKBB-f-*. *1H KCC©^«C*^Tx »l©fl£*«©HW©BT? 

ttJB l©l8lfl©-iafi«C*H-*» l©aa*f«ll,» ■ §lffll/fei^, P. fcP,#««b^«^fc, 3£ UvJ< 

2©fflJB5ftR12©^Wi|$tt©a5lMfcffl^S i fe©-e* ¥^ t fcU r SiSlf^«tt* s ^e.tii»<t^{>:, dL^itFd, 

S. HHC*HT % H'Xfcfl'SftfcAltJfcBU US© ©flttft^bfcS^fflWttCov^ra-^*. 

ffl»iBtiS3£-r**iqiTaa«f«ii,i2ctti&$iis. ^* 

«BiT*iitt» A»*ft«3tt«*J:VJI»*«t:*« d a = P*. di/f2=z/3-P, 

«ffitSifit:atfsiSffli336«*¥3£abEri?iHt»uT tnt, (tot, 

B&45g©^g£&!i-*©-t:&3, «ffl#r«12tt, ^3ti^ 30 di = 2^2/3 ' d i = 0 . 943 d t 

*iWR1fjpi36q9F«-r5±fiffll4tf*¥*aE*lRJi:e 

-ai-5*>©T-S5o Cft&2ffl©*ftB*T«ll,12ttft ffctK mi<D®:&m<D 

JfStu *lt.b<tt!B2oaiB«fS#H#a«« : FS: di = dj/f 2= 0 . 707 da 

tt^KWttll2-©afl*f*R*«lI««l«?6:«* fw =1/2 • f ,„ =1.5/2, f« =1.5 

fiv^«CE**iT^*kb-CRBi*ff'5. £&s 2*fiC /2i:ftbs 7jc¥#ft©/I8&»#f4li. ^3H (A) ©ffl 

©»B*rfill,12©£Rli©2^©S:-rft*B\ *B*fW ftSlCat-fCOS f,/f... 'ic/2fD$M^ 32(C^1"C0S 

&*>©■?*!»» A*©ft»*attWHtia5^fi««Hi5 f./f... • >r^©flMi**filLfeaiHi33©Wtti:a:5 N 

©nrftTffcoTfeAVVi SB21CB (A) ftffl203&iV*-£ 1 ©tt&0I 
»:t*^3i5^J(c*lt52tt©«JiSf«{C«toTA»^ 40 ( d a, = Px, d i = d a / \T 2 ) 

*»«**i*^«ai©-«iPC"3v^Twai-*. 

b^«l©«ffi«r!RCJ:«ttjW^lltt3%ll©AUi ©WttfcHfc < flllSOfcjjt-fSflWtt OH9H (A) © 

ffi«ftd,i:u _ st> mmjsm<Dmm.&&i*s msm (b) ©nasi 

da / f 2<di<,T2da uKm*mtt#<i. mmmmzenzmtm^m^wit 



ffifc#bTWCffi*l. (»2^©®^© 



c ©^^0-^7x7^;^^ *¥£RC:ttP,/z*r 



©*ffC*SfcSC, £©2tt©«JB#r*©±EL&fI 
^B-t AWJfe©»(ISii3S:IS*B:IS 2 id 
fcJfc*. oSt), £2^©JI£CA*f£ft;fcl#©^ 



(g210ffiiSS2O4£|»i) CJE^ttttfcfcoT^S. 



d , = d a / /~2 = V % / fl 



tt, JH©«H*t*11CJ:!K 7jc¥^**|qJ{c^fb45g 50 
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{C@£> fto~t, f,„ =2 -frt, , f rt , =P,/p, -2f 
,., £0££iT<3©T-fci:&<s d, £p,©fii£fc;#Ji:LT 
ftSLT, f,„ <f.« <2 • f„, omtU 'tii-oXU 
=P,/P, -f... <P,/P, -2f*. ttZZbifiX-g, a 
lt#|q!©««R»ttttj| 1 ©t£*fli:HatJl»»tt* 

^ttft©*js-**¥ • mmm^commk^t^m 

&4b\ -ffi^tbTs d,©«©M3:L^ffiffl(£&©i; 

d 2 / iT2 < d i < /" 



LTUi;?©T% l/2 = f,„ <f,„ ©tttag^-rs©*5 

d , < /" 2 d 2 * /" 2 P x 

fcfc*. *fes ^0J©iftBj3©^T-lfcB£LfcJ;-5(c, ft 
*^J©i3(cf.., =2.f„. fc*-*fcH«ji!li*£l^ f,„ 
<2-f,„ fc1-3&g#ftS©T% £©*{*£$«>£: 
d,, d,, P,©S$l/^Hfftt 

2 d 2 « \T2Px 



©«t-5fc&s. 

**v fiLhCKWCtW. -P. * ftoTf,,, =1/22; I, 
/fe0!l£l£B,§Ufe#, C©B#{cf„, #f„, tca<%Si:> 
*¥*filoaJiWtt*3Wb (a»*7-;&W3<fc4) 
Lt ££©T-, ZhZffilttZlz&, f.„ ©AIS1/2J: 
5 'J> b*£ < (ftoTd, ftp, *.<0>P Uh$ < f 

) ^tt% aa»«fs**s53&fl:s*s^i:a<a 20 

» 4 IS* «fc V» 5 Ett^ft^ftis 1 ©*S?B©S62,SB 3 
0*»«K:*B- 5 AW*©^©«?ft^-rST- ft 5 . 

m 4 h©*^* 1 ®mmm t ®-mi&x-&, =p. , 

d ,/^2~ P»/2 

fcl/fc*©**!), *¥**#ffi©W*»«HiB\ P./2 
TtX'imih Ufe*¥JH«»©l/2©$»«©^C h 7 y 
7*^^>hft#t5C0S*-^h, l©SSffiF©jSlfch 

!)> $6H (A) CDft«61Cw-T«rtt4:«:!)^ ISti^S 
©«9><#&#f#e>ti5. £ft£aE#ft©fflfflRtttttt:, 
P, /27rfiEMb UfcS*Jl«Eia©l/2P, /P. /2©$»<g 
©jSC h5yr*-f >bt*-r*C0S*--Ti:«:!) (is 

612 (B) ffli^62) , P,/t./2»10BM**Mft*?-ett 
< ttttjPff 6*U * & C OSfcftC&HBtt 

iMfics^tt., gifctefc8fiSi©*&t£©as*!H£* 
fe©rtiftfFg-rn«> 7k¥^^[Ri©#tt{±, isfsa 

fflBtt (C ft £> ©T'+fl-ffi/B RllBTf ft £> . 

* 5 momit, % 1 ©^ss^j a m-m^x-, 4 «p, / 40 

2, 

cI./nT2«Px 

2: Ufc* 3 ©aafitflftSVf *>©"C* tK 7K¥*4^[rI© 
JH«»«ttttll2©«lK«i:RI-^ M5 6 12 (A) ©ft 
«61fcjS-T«tt'i:as. S^*#ffi©J«8ft*&'ttB:, 
P, /2;r-CiESfc Lfc*B«*ft©l/2 • P, /P, ©$ft« 
©j&Ch^vTff'f >bft£*SC0S*-7i:fc!> (g 
60 (B) ffl«63) P,/P. =l©@*Jf^?Ci5V>T 
KSSlS©9><fttt##6ii5. 50 



fel±©<ta^ #Sl©$gBjr7fct «ffl#H£2«£lt© 

ttCHLTJi. 7K¥**^l°l©ii^Fai®P, taiS^** 
lRKZ>Bf3KMHSP v 2:©JfcfcH«fc<, «BS:S£t>*Wt*» 

*C&2©8^©-SSffi09Koi>TI2ffi£#HBL , T8i 
WT*. S67BIB\ £©3BilS«fc*H-«»l©«JB*r« 
71, » 2 ©tgJB*f«72©**«!|*tt©K?8tffl St© 

W©fflifiSHCit^-r5^|Rl-T-1SJilfr«71,72K:«t$&$ft 

mu &©**«* j; vjiiirjteittf*aE-r6iaii© 

ffliSKS 2: Sit fctttf* £jra73#*¥;6afc#ra H t*r U 
TBS 

sin" 1 1//" 3K 35. 3E) 

©fc*sfc-r*©"e&*. iSfl«r«72tt, iMtmszv 

**»©■?**. iii6 2fl|©«a*r«ll,l2ttWI* 
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[TITLE OF THE INVENTION] Optical Low-Pass Filter 
[WHAT IS CLAIMED IS/] 

[Claim 1] An optical low-pass filter, wherein a first 
birefringent plate, separating an ordinary ray component and 
an extraordinary ray component by just a distance di at an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction of a solid-state image pickup element, and 
a second birefringent plate, separating an ordinary ray 
component and an extraordinary ray component by just a distance 
d 2 in parallel to said horizontal scanning direction, are 
disposed in laminated form and the distance di, the distance 
d2, and the horizontal pixel interval P x of the solid-state 
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image pickup element are in the relationship: 



di = P x /V2 



and in the relationship: d 2 =5 P x . 

[Claim 2] An optical low-pass filter, wherein a first 
birefringent plate, separating an ordinary ray component and 
an extraordinary ray component by just a distance di at an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction of a solid-state image pickup element, and 
a second birefringent plate, separating an ordinary ray 
component and an extraordinary ray component by just a distance 
d 2 in parallel to said horizontal scanning direction, are 
disposed in laminated form and the distance di, the distance 



d 2 , and the horizontal pixel interval P x of the solid-state 
image pickup element are in the relationship: 
di =V2P X 

and in the relationship: d 2 =? P x /2. 

[Claim 3] An optical low-pass filter,' wherein a first 
birefringent plate, separating an ordinary ray component and 
an extraordinary ray component by just a distance di at an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction of a solid-state image pickup element, and 
a second birefringent plate, separating an ordinary ray 
component and an extraordinary ray component by just a distance 
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d 2 in parallel to said horizontal scanning direction, are 
disposed in laminated form and the distance di and the distance 
d 2 are in the relationship.: 
di < V2d 2 . 

[Claim 4] An optical low-pass filter according to Claim 3, 
wherein the distance d 2 and the horizontal pixel interval P x 
of the solid-state image pickup element are in the 
relationship: d 2 == P x . 

[Claim 5] An optical low-pass filter according to Claim 3, 
wherein the distance d 2 and the horizontal pixel interval P x 
of the solid-state image pickup element are in the 
relationship: d 2 < P 2 and yet d 2 == P x . 

[Claim 6] An optical low-pass filter, wherein a first 
birefringent plate, separating an ordinary ray component and 
an extraordinary ray component by just a distance di at an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction of a solid-state image pickup element, and 
a second birefringent plate, separating an ordinary ray 
component and an extraordinary ray component by just a distance 
d 2 in parallel to said horizontal scanning direction, are 
disposed in laminated form and the distance d x and the distance 
d 2 are in the relationship: 



d 2 /V2 < di < V2d : 
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[Claim 7] An optical low-pass filter according to Claim 6, 
wherein the distance d 2 and the horizontal pixel interval P x 
of the solid-state image pickup element are in the 
relationship: d 2 =? P x - 

[Claim 8] An optical low-pass filter according to Claim 6, 
wherein the distance d 2 and the horizontal pixel interval P x 
of the solid-state image pickup element are in the 
relationship: d 2 < P* and yet d 2 == P x . 
[DETAILED DESCRIPTION OF THE INVENTION] 
Field of the Art 

This invention relates to an optical low-pass filter, which 
is disposed in the incidence path of a CCD or other solid- 
state image pickup element, performing two-dimensional 
sampling, in order to restrain the effects of carrier 
components. 

Prior Arts and Themes Thereof 

Fig. 17 shows a pixel alignment and aperture example of a 
solid-state image pickup element, and in this Figure, H 
indicates a horizontal scanning direction and V indicates a 
vertical scanning direction. At one of two adjacent 
horizontal- lines, a green filter 1G and a blue filter IB are 
disposed alternately at a pixel interval P x in the horizontal 
scanning direction, and at the other horizontal line, a green 
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filter 2G and a red filter 2R are disposed alternately at the 
interval P x . Here, the pixel interval in the vertical scanning 
direction is P y . 

Though subject light is sampled by such a lattice-form 
aperture pattern, as is clear from the sampling theorem, 
frequency components of frequencies of 1/2 or more of the 
sampling frequency cannot be sampled and reproduced accurately 
in principle, and when frequency components of such higher 
frequencies are guided to the solid-state image pickup element, 
these appear as false signals. 

As shown in the spatial frequency spectrum of Fig. 18., in 
the case of the above-described solid-state image pickup 
element, besides base band components (indicated by the vectors 
2G, R, and B) centered at the position (f x = 0, f y = 0) , a 
plurality of detrimental carrier components are generated. 
The abscissa axis f x and the ordinate axis f y respectively 
express the horizontal frequency and ; the vertical frequency 
normalized by P x /2ti and P y /27i. Carrier components centered 
at (f x =1, f y = 0) give rise to a moire pattern in the case 
of a fine stripe pattern comprising black and white stripes 
extending in the vertical direction while carrier components 
centered at (f x = 1/2, f y = 0) give rise to a cross color 
phenomenon (false color signal) in which a green or magenta- 
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color is generated in the case of somewhat rough vertical 
stripes and this false signal occurs when color signals are 
obtained using a single panel and has the greatest influence 
.on image quality. Carrier components centered at (f x - 0, f y 
= 1) give rise to a moire pattern in the case of fine horizontal 
stripes . 

Thus in order to eliminate these detrimental carrier 
components, since horizontal frequency components of a 
normalized horizontal frequency of f x = 1/2 or more, vertical 
frequency components of a normalized vertical frequency of f x 
= 1/2 or more, and" color signals centered at the point f y = 
1/2 in the horizontal direction are sampled from the incident 
light, horizontal frequency components of the frequency 
bandwidth of the color signal centered at the point f x = 1/2 
must be removed in accordance with the sampling theorem. Such 
ideal optical frequency characteristics are shown in Fig. 19. 
In this Figure, (A) shows the horizontal frequency 
characteristics and (B) shows the vertical frequency 
characteristics . 

As a first prior-art example of an optical low-pass filter 
aimed at providing such characteristics, there is the 
arrangement disclosed in Japanese Unexamined Patent 
Publication No. Sho-60-164719 . This discloses the basic art 
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of an optical low-pass filter comprising a first birefringent 
plate, separating an ordinary ray component and an 
extraordinary ray component at an angle close to 45 degrees 
with respect to a horizontal scanning direction of a 
solid-state image pickup element, a second birefringent plate, 
separating an ordinary ray component and an extraordinary ray 
component in parallel to the horizontal scanning direction, 
and a' third birefringent plate, separating an ordinary ray 
component at an angle close to -45 degrees with respect to the 
horizontal scanning direction, wherein the first birefringent 
plate, second birefringent plate, and third birefringent plate 
are disposed in laminated form so that the second birefringent 
plate is positioned at the middle, and a single incident ray 
is separated into seven or eight rays, and as an embodiment, 
an example, wherein the distances of separation of the ordinary 
ray component and extraordinary ray component by the first, 
second, and third birefringent plates (referred to as "di," 
xx d2," and M3," respectively) are in the relationship: d 2 = 
P x and in the relationship: 
di * d 3 = d 2 /V2, 

is indicated. With such a prior-art optical low-pass filter, 
a single incident ray is separated as shown in Fig. 20, and 
the frequency characteristics thereof are shown in Fig. 21. 
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In Fig. 21, (A) shows the horizontal direction frequency 
characteristics, and a curve 203, obtained by synthesizing a 
COS curve, indicated by curve 201 in the Figure and having trap 
points at f x = 1/2, 3/2- • • , and a COS 2 curve, indicated by curve 
202 in the Figure and having trap points at f x = 1, 3, • • • , 
expresses the comprehensive transmittance characteristics in 
the horizontal direction. Also in Fig. 21, (B) shows the 
vertical direction frequency characteristics, and a COS 2 curve 

(curve 204 of the same Figure), having trap points at 
frequencies of odd multiples of f y = P y /P x , expresses the 
transmittance characteristics in the vertical direction. 
As another prior-art example of an optical low-pass filter. 

(second prior-art example) , there is the arrangement shown in 
Fig. 23, wherein a first birefringent plate 221, separating 
an ordinary ray component and an extraordinary ray component 
by just a distance di (= P x ) in the horizontal scanning direction, 
a second birefringent plate 222, separating-an ordinary ray 
component and an extraordinary ray component by just a distance 
c*2 (= Px/2) in the horizontal scanning direction, and a third 
birefringent plate 223, separating an ordinary ray component 
and an extraordinary ray component by just a distance d 3 (= 
P y ) in the vertical scanning direction, are laminated 
successively with first and second A/4 phase plates 224 and 
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225 interposed, and with this optical low-pass filter of the 
second prior-art example, a single incident ray is separated 
as shown in Fig. 24 and the frequency characteristics are as 
shown in Fig. 25. 

In Fig. 25, (A) shows the horizontal scanning direction 
frequency characteristics, that is, the characteristics of 
curve 243 of the Figure, which is obtained by synthesizing 
(multiplying) a COS curve (curve 241 in the Figure), having 
trap points at f x = 1/2, 3/2- ••, and a COS curve (curve 242 
in the Figure) , having trap points at f x = 1, 2, - • - . Also in 
Fig. 25, (B) shows the vertical direction frequency 
characteristics, and a COS curve (curve 244 of the same Figure) , 
having trap points at f y = 1/2, 3/2- expresses the 
transmittance characteristics in the vertical direction. 
These characteristics take on values that are substantially 
close to the ideal characteristics shown in Fig. 19. 

As yet another example of a prior-art optical low-pass filter 

(third prior-art example) , there is an arrangement wherein, 

as shown in Fig. 26, the third biref ringent plate and the second 

A/4 phase plate of the second prior-art example shown in Fig. 
« 

23 are removed. With this third prior-art example, a single 
incident ray is separated as shown in Fig. 27. With regard 
to the frequency characteristics, whereas the horizontal 
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scanning direction frequency characteristics are the same as 
the horizontal scanning direction frequency characteristics 
of the second prior-art example shown in Fig. 25(A), 
attenuating characteristics are not exhibited in the vertical 
scanning direction. This third prior-art example is an 
example that is mainly aimed at achieving compact size and low 
noise while ignoring the vertical scanning direction 
characteristics. As with the second prior-art example, the 
horizontal direction frequency characteristics of this 
example take on values substantially close to the ideal 
characteristics . 
Object (s) of the ' Invention 

However, the above-described prior-art optical low-pass 
filters have the following problems. 

The first prior-art example has mainly two problems; firstly 
that three quartz birefringent plates are required, thus 
greatly impeding the attainment of compact size and low cost. 
The price of an optical low-pass filter, such as those described 
above, is substantially proportional to the number of plates 
that make up the filter. 

Secondly, there exist cases where the cutoff 
characteristics in the vertical direction are unsatisfactory 
as follows. That is, whereas with the horizontal direction 
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characteristics among the transmittance characteristics of 
the above-described prior-art optical low-pass filter, the 
frequency components that should be cut off are cut off and 
characteristics close to the ideal characteristics shown in 
Fig. 19(A) are obtained, the vertical direction 
characteristics have the following problems. 

The separation distance in the vertical direction of the 
single incident ray that has been separated as shown in Fig. 
20 is based on P x /2 and is determined by the horizontal direction 
interval P x of the pixels and not by the vertical direction 
interval P y of the pixels. Thus whereas the ideal value of the 
transmittance characteristic trap point of the vertical 
direction frequency characteristics is 1/2, the actual trap 
point is the vertical frequency point P y /P x (and odd-multiple 
frequencies thereof) , as normalized by P y /27r, and thus the trap 
points vary according to the relationship of P x and P y . Thus 
although with a solid-state image pickup element with which 
P y /P x takes on a value close to 1/2, the necessary vertical 
direction transmittance characteristics are obtained with the 
above-described prior-art optical low-pass filter, when P x 
becomes smaller than 2P y and P y /P x takes on a value that greatly 
differs from 1/2, the characteristics necessary for the 
solid-state image pickup element cannot be obtained. Such a 
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state occurs with a solid-state image pickup element with which 
the number of pixels in the horizontal direction is made large 
in order to increase the horizontal definition. That is, 
whereas the number of pixels n v in the vertical direction is 
fixed to a value- determined by the television method 
(approximately 500 pixels with the NTSC method and 
approximately 600 pixels with the PAL method.) and P y is thus 
fixed, P x varies with the variation of the number of pixels 
n H in the horizontal direction, and thus as n H increases, P y /P x 
increases. For example, if with an NTSC format, the number 
of pixels in the horizontal direction is 670, since the vertical 
to horizontal ratio of the television pixels will then be 3:4 
(= 500:670), P x - Py- In such a case, the vertical direction 
transmittance characteristics of the prior-art optical 
low-pass filter will be the characteristics shown by curve 211 
of Fig. 22, and the difference in the low frequency region 
characteristics with respect to the ideal characteristics 
shown by curve 212 of the same Figure, which has a high 
probability of appearing as a subject in the cutoff frequency 
range, becomes large and the false signal thus becomes large. 
(In a case where the number of horizontal pixels is 
approximately 400 and small, P y /P x = 3/500/4/400 =0.6, the 
characteristics in this case are as shown by curve 213 of the 



-12- 



same Figure, and thus the difference with respect to the ideal 
case at the low frequency region of the cutoff range is small 
and adequate characteristics are obtained with the prior-art 
optical low-pass filter.) 

A problem of the second prior-art example is that though 
frequency characteristics that are substantially close to the 
ideal characteristics are obtained, since three birefringent 
plates and two A/4 plates make up the f ilter and there are thus 
a total of five plates, the attaining of compact size and low 
cost, and especially the attaining of low cost is hindered. 

A problem of the third prior-art example is that even though 
the vertical scanning direction frequency characteristics are 
sacrificed in an attempt to achieve low cost, the number of 
plates making up the filter is three and thus the cost 
performance balance is poor. 

As described above, prior-art optical low-pass filters have 
a first problem that compact size and low cost are hindered 
and a second problem that, in a case where low cost is aimed 
at, the degradation of performance is large relative to the 
proportion of cost reduction. 
Outline of the Invention 

In order to resolve the above problems, a first aspect of 
the invention provides an optical low-pass filter comprising: 
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a first birefringent plate, separating an ordinary ray 
component and an extraordinary'ray component by just a distance 
di at an angle of substantially 45 degrees with respect to a 
horizontal scanning direction of a solid-state image pickup 
element; and a second birefringent plate, separating an 
ordinary ray component and an extraordinary ray component by 
just, a distance d 2 substantially in parallel to the 
abovementioned horizontal scanning direction; wherein the 
abovementioned first and second birefringent plates are 
disposed in laminated form. 

A second aspect of the invention provides an optical low-pass 
filter comprising: a first birefringent plate, separating an 
ordinary ray component and an extraordinary ray component by 
just a distance d3 at an angle of substantially 
sin" 1 1/V3 

with respect to a horizontal scanning direction of a 
solid-state image pickup element; and a second birefringent 
plate, separating an ordinary ray component and an 
extraordinary ray component by just a distance d 4 substantially 
in parallel to the abovementioned horizontal scanning 
direction; wherein the abovementioned first and second 
birefringent plates are disposed in laminated form. 

A third aspect of the invention provides an optical low-pass 
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filter comprising: a first birefringent plate, separating an 
ordinary ray component and an extraordinary ray component by 
just a distance d 5 substantially perpendicular to the 
abovementioned horizontal scanning direction; a second 
birefringent plate, separating an ordinary ray component and 
an extraordinary ray component by just a distance d 6 at an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction of a solid-state image pickup element; and 
a third birefringent plate, separating an ordinary ray 
component and an extraordinary ray component by just a distance 
d 7 substantially in parallel to the abovementioned horizontal 
scanning direction; wherein the abovementioned first, second, 
and third birefringent plates are disposed in laminated form 
so that the 1 abovementioned second birefringent plate is 
positioned at the middle. 
Actions 

The present invention provides optical low-pass filters of 
the above arrangements to achieve compact size and low cost 
and to achieve not only horizontal direction but also vertical 
direction frequency characteristics that are close in values^ 
to the ideal characteristics even when the horizontal pixel 
interval P x and vertical pixel interval P y of a solid-state 
image pickup element are in a relationship in which the value 
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of Py/P x differs greatly from 1/2 and thereby realize a 
solid-state image pickup element that is low in the generation 
of false signals. 
Preferred Embodiments 

This invention shall now be described with reference to the 
drawings. Fig. 1 is used for describing the optical 
characteristics of a first birefringent plate 11 and a second 
birefringent plate 12 of an embodiment of the first aspect of 
the invention. In this Figure, incident light is supplied via 
a lens to birefringent plates 11 and 12 in the direction 
orthogonal to the paper surface of the Figure. Birefringent 
plate 11 separates the incident light into an ordinary ray and 
an extraordinary ray, and a principle plane 13, in which these 
ordinary and extraordinary rays exist and which extends 
perpendicular to the paper surface of the Figure, forms an angle 
of substantially 45 degrees with respect to a horizontal 
scanning direction H. With birefringent plate 12, a principal 
plane 14 , in which the ordinary ray and extraordinary ray exist, 
substantially coincides with the horizontal scanning 
direction. These two birefringent plates 11 and 12 are 
laminated and disposed inside the incident light path so that 
the first or the second birefringent plate is set at the 
position closest to a solid-state image pickup element.. In 
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the description that follows, it shall be deemed that the second 
birefringent plate is disposed at the position closest to the 
solid-state image pickup element. The angle formed mutually 
by the principle planes of the two birefringent plates 11 and 
12 is a relative angle and this angle may be measured clockwise 
or counterclockwise. 

The general solutions of the separation distance by which 
the incident light is separated by the two birefringent plates 
of the present embodiment shall now be described. 

If di is the separation distance of the ordinary ray and 
extraordinary ray by the first birefringent plate, d 2 is the 
separation distance of the ordinary ray and extraordinary ray 
by the second birefringent plate, and these satisfy the 
condition: 

d 2 /V2 < di < V2d 2 
the result of separation of incident light by the above- 
described combination of the two birefringent plates will be 
as shown in Fig. 2. That is, the single ray of light that is 
made incident at the origin of Fig. 2 is separated by first 
birefringent plate 11 by just the distance di in the direction 
of 45 degrees with respect to the horizontal scanning direction 
(indicated by the solid line arrow in Fig. 2) and becomes two 
light rays of equal intensity, respectively. These light rays 
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are then separated respectively by second birefringent plate 
12 by just the distance d 2 in parallel to the horizontal scanning 
direction (indicated by the broken line arrows in Fig. 2) , and 
in the final stage, are separated into the four light rays 21 
to 24 of equal intensity, respectively, as shown in Fig. 2. 

This optical low-pass filter has, in the horizontal 
direction, the frequency characteristics of the product of the 
frequency characteristics of a COS curve, having trap points 
at points of odd * multiples of the horizontal frequency, 
l/2-P x /d 2 (= fxoi) t as normalized by P x /27t, and the frequency 
characteristics of a COS curve having trap points at points 
of odd multiples of 

l/2-P x /d 2 V2 (« f x02 ), 
and has, in the vertical direction, the frequency 
characteristics of a COS curve having trap points at points 
of odd multiples of 

l/2-P y /diV2 (= f y oi) • 
That is, this embodiment's low-pass filter has the horizontal 
direction frequency characteristics of . COS • f x /f x0 i ■ n/2 * 
COS- f x /f x02 -7i/2 and has the frequency characteristics of 
COS- fy/f y oi*7i/2 in the vertical direction. 

Next for this embodiment, the characteristics for the case 
where di and d 2 are determined so as to provide desirable 
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horizontal and vertical frequency characteristics when P x and 
P y are substantially equal as was referred to in the section 
on the issues of the first prior-art example shall be described. 
Here, if 

d 2 = P x and di/V2 = 2/3- Px 

(thus 

di = 2V2/3-d 2 = 0.943d 2 , 
which greatly differs from 

di - d 2 /V2 = 0.707d 2 
of the first prior-art example), then foxi=l/2 • fox2=l • 5/2, 
f 0y2 =1.5/2, and the horizontal direction frequency 
characteristics become the characteristics of curve 33, 
obtained by synthesizing the curve of COS f x /f x oi"rc/2, indicated 
as curve 31 in Fig. 3(A), and the curve of COS f x /f X 02 - */2 , 
indicated as curve 32, and thus cutoff characteristics close 
to the ideal characteristics indicated by curve 30 (the curve 
of Fig. 19(A) is drawn again) are obtained like the 
characteristics of the first prior-art example 

(d 2 = Px and di = d 2 /V2) , 
shown as curve 203 in Fig. 21(A). 

Also, the vertical characteristics are the characteristics 
shown by curve 34 in Fig. 3(B) and are thus close to the 
characteristics of the prior-art example shown as curve 36 in 
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the same Figure (curve 204 of Fig. 21 is drawn again) . 

The general solutions of the above example shall now be 
discussed. This invention is not limited to the relationship: 

di = d 2 /V2 = P x /V2 
as in the prior-art example (first prior-art example) and thus 
fxoi, fx02/ and fyoi are not fixed so that f x oi=2 # f x o2/ and 
fyoi = Py/Px* 2f x0 i- Instead, di is determined in consideration of 
the value of P y as well and values are set to satisfy f x0 i < 
fx02 < 2-f x oi so that f y oi = P y /P x -f x02 < P y /P x -2f x0 i will hold, and 
though the values of the vertical direction frequency 
characteristics will differ - somewhat from the ideal 
characteristics as in the first prior-art example, 
substantially good characteristics can be obtained for both 
the horizontal and vertical frequency characteristics with an 
arrangement with fewer plates than the first prior-art example . 

As a general solution, the preferable range for the value 
of di is as follows. That is, since when f x0 2 is set to a value 
smaller than "fxoi/ the horizontal direction frequency 
characteristics will be such that the characteristics degrade 
(the transmitted power becomes too small) .within a range of 
frequencies that should be transmitted, it is realistic to set 
values, so that 1/2 = f x oi < f X 02- 

In terms of di, d 2 , and P x , this condition can be rewritten 
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as : 

di < V2d 2 2 V2P X 

Also as was described in the section on the prior arts, since 
problems occur when f x02 - 2 • f x0 i as in the prior-art example 
and thus f X 02 < 2-f x oi must be made to hold, the preferable 
relationship of di, d 2 , and P x that includes this relationship 
will be: 

d 2 /V2 < di < V2d 2 - V2P X 
Though in the above description an example where di a P x , and 
thus f x0 i = 1/2 was described, since when f x02 becomes too close 
to f x0 i in this case, the horizontal direction transmission 
characteristics degrade (the transmitted power decreases) too 
much, the value of f x0 i is made slightly greater than 1/2 (and 
thus d 2 is made slightly less than P x ) to prevent this 
degradation without degrading the cutoff characteristics by 
much. 

Figs. 4 and 5 are diagrams showing the manner of separation 
of incident light in second and third embodiments, respectively, 
of the first aspect of the invention. With the example of Fig. 
4, d 2 = P x and 

di/V2 = P x /2 

are satisfied with the same arrangement as that of the first 
embodiment,- and the frequency characteristics in the 
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horizontal scanning direction are the characteristics of curve 
61 shown in Fig. 6(A) , which is obtained by multiplying a COS 
curve, having trap points at points of odd multiples of the 
horizontal frequency of 1/2 as normalized by P x /27i, and a COS 
curve, having trap points at points of odd multiples of 1, and 
thus substantially satisfactory characteristics are obtained. 
The frequency characteristics in the vertical scanning 
direction are given by a COS curve (curve 62 of Fig. 6(B)), 
having trap points at odd multiples of the vertical frequency 
of l/2P y /P x /2 as normalized by P y /27t, so that substantially 
satisfactory characteristics can be -obtained with an image 
pickup element for which P y /P x /2 = 1, and this arrangement can 
be used adequately even in an image pickup element that does 
not satisfy the above relationship as long as the deviation 
of the vertical scanning direction characteristics from the 
ideal characteristics can be tolerated since the horizontal 
scanning direction characteristics will be substantially 
ideal characteristics . 

The example of Fig. 5 is a third embodiment, wherein d 2 = 
P x /2 and 

di/V2 ■ P x 

are satisfied with the same arrangement as that of the first 
embodiment, and the frequency characteristics in the 
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horizontal scanning direction are the same as those of the 
second embodiment and are the characteristics shown by curve 
61 of Fig. 6 (A) . The frequency characteristics in the vertical 
scanning direction exhibit a COS curve (curve 63 of Fig. 6 (B) ) , 
having trap points at odd multiples of the vertical frequencies 
of 1/2-Py/Px as normalized by P y /27r, and substantially 
satisfactory characteristics can thus be obtained with an image 
pickup element for which P y /P x ~ 1. 

As described above, with the first aspect of the invention, 
substantially satisfactory characteristics can be obtained 
with an optical low-pass filter with a simple arrangement 
having just two birefringent plates. At least with regard to 
the horizontal scanning direction frequency characteristics, 
characteristics that are close to ideal can be obtained 
regardless of the ratio of the horizontal scanning direction 
pixel interval P x and the vertical scanning direction pixel 
interval P y . 

Next, an embodiment of the second aspect of the invention 
shall be described with reference to the drawings. Fig. 7 is 
used for describing the optical characteristics of a first 
birefringent plate 71 and a second birefringent plate 72 of 
this embodiment. In this Figure, incident light is supplied 
via a lens to birefringent plates 71 and 72 in the direction 
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orthogonal to the paper surface of the Figure. Birefringent 
plate 71 separates the incident light into an ordinary ray and 
an extraordinary ray, and a principle plane 73, in which these 
ordinary and extraordinary rays exist and which extends 
perpendicular to the paper surface of the Figure, forms an angle 
of substantially 

sin _1 l/V3 degrees (= 35.3 degrees) 
with respect to a horizontal scanning direction H. With 
birefringent plate 72, a principal plane 74, in which the 
ordinary ray and extraordinary ray exist, substantially 
coincides with the horizontal scanning direction. These two 
birefringent plates 71 and 72 are laminated and are disposed 
inside the incident light path so that the first or the second 
birefringent plate is set at the position closest to a 
solid-state image pickup element. In the description that 
follows, it shall be deemed that the second birefringent plate 
is disposed at the position closest to the solid-state image 
pickup element. The angle formed mutually by the principle 
planes of the two birefringent plates 71 and 72 is a relative 
angle and this angle may .be measured clockwise or 
counterclockwise . 

A description shall now be provided concerning the 
separation distance by which the incident light is separated 
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by the two birefringent plates of the present embodiment and 
the intensities of the separated light rays. 

If d 3 is the separation distance of the ordinary ray and 
extraordinary ray by the first birefringent plate, the single 
light ray incident on the origin of Fig. 8 is separated by just 
the distance d 3 in the direction of: 

sin -1 l/V3 degrees (= 35.3 degrees) 
with respect to the horizontal scanning direction (indicated 
by the solid line arrow in Fig. 8) and becomes two light rays 
81 and 82 of equal intensity, respectively. These two light 
rays are then made incident on second birefringent plate 72 
and the extraordinary ray component and the ordinary ray 
component become as follows. Firstly, since light ray 81 is 
the ordinary ray component at first birefringent plate 71, it 
is just the component that vibrates perpendicular to principal 
plane 73 (vector E x of light ray 81 in Fig. 8). Thus of the 
light ray 81, the component that becomes the ordinary component 
with respect to second birefringent plate 72 is the component, 
EiC0S(3, which vibrates perpendicular to principal plane 74 of 
second birefringent plate 72, and the component that becomes- 
the extraordinary component is the component, Eisin(3, which 
vibrates parallel to principal plane 74. Also, since light 
ray 82 is the extraordinary ray component at first birefringent 



-25- 



plate 71, it is just the component that vibrates parallel to 
principal plane 73 (vector Oi of light ray 82 in Fig. 8) . Thus 
as with light ray 81, of the light ray 82, the component that 
becomes the ordinary component with respect to second 
birefringent plate 72 is the component, EisinP, and the 
component that becomes the extraordinary component is the 
component, EiCOSf}. Since the vector amplitudes Oi and Ei of 
light rays 81 and 82 are equal and since the vector sum, 

is matched with the incident light, if the intensity of the 
incident light is 1, the intensity of each of the extraordinary 
and ordinary rays is clearly: 
1/V2. 

Thus when the abovementioned two light rays 81 and 82 are 
separated into the ordinary ray components and extraordinary 
components by just the distance d 2 (d 2 = diCOSa) in the 
horizontal scanning direction by second birefringent plate 72, 
they become the four light rays 91' to 94 as shown in Fig. 9. 
The respective intensities, in other words, the respective 
energies are expressed as the square of the respective vector 
amplitudes, and thus the energy of light ray 91 is: 

(1/V2-COSP) 2 ; that of light ray 92 is: (1/V2 ■ sin(3) 2 ; 
that of light ray 93 is: 
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(l/V2-sin(3) 2 ; and that of light ray 94 is: (1/V2 • C0S(3) 2 ; 
and since the angle (3 is selected so that: 

sinf} * 1/V3 and cos(3 = ^2/3, 
the respective intensities are 1/3, 1/6, 1/6, and 1/3. 

Thus the frequency characteristics of this optical low- 
pass filter are 1/3 (2COS27C- f i/P x /d 4 + 1) . in the horizontal 
scanning direction and COSn/2 • f y /f y oi (f y oi = 1/2 • Py/.cbsina = 
1/2 • P y /d 4 tana) in the vertical scanning direction. 

Fig. 10 shows the frequency characteristics of an optical 
low-pass filter with the arrangement of the above-described 
second aspect of the invention for which d 4 = 2/3P x , 

d 3 ■ V372 -2/3P x , and (J = sin _1 l/V3. 
(A) of this Figure shows the horizontal scanning direction 
frequency characteristics, which exhibit the curve, 
1/3 (2 -COS27C- 2/3f x + 1). With these characteristics, though 
the cutoff characteristics are poor when f x is 1 or greater, 
substantially good characteristics are obtained when f x is 1 
or . less and if it is considered that, besides the optical 
low-pass filter, a photographing lens also provides an optical 
low-pass effect (that is, the high-frequency region cannot be 
resolved due to lens aberration, etc.), the characteristics 
are adequately useable. Also, (B) of the same Figure shows 
the vertical scanning direction frequency characteristics, 
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which exhibit the curve, 

COSti/2 • f y /f y02 ( f y o2=l/2 - P y /2/3 ■ P x - tana=l/2 ■ P y /2/3V2 • P x ) . 
These characteristics provide nearly ideal characteristics 
when 

P y ■ 2/3V2P x . 

Likewise, Fig. 11 shows the frequency characteristics of 
an optical low-pass filter with the arrangement of the 
above-described second aspect of the invention for which d 4 

= Px, 

d 3 = V3/2-P x , and (3 = sin^l/VS. 
(A) of this Figure shows the horizontal scanning direction 
frequency characteristics, which exhibit the curve, 
1/3 (2-COS27C- f x + 1)/ having trap points at f x = 1/3 and 2/3. 
Such characteristics are the characteristics required of an 
optical low-pass filter for a solid-state image-pickup element 
provided with a color filter in which one color is repeated 
at every three pixels in the horizontal scanning direction of 
the image pickup element, for example as shown in Fig. 12, and 
can be used in such an image pickup device. With the example 
of Fig. 12, 12 red (R) , green (G) , and blue (B) color filters 
are disposed according to the respective pixels in the 
horizontal scanning direction and a filter of one color is 
allocated to one pixel each in the horizontal scanning 
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direction (in other words, the width of one color of a color 
filter is equal to the pixel interval P x in the horizontal 
scanning direction). Also, Fig. 11(B) shows the vertical 
scanning direction frequency characteristics, which exhibit 
the curve, 

COSti/2 • f y /f y o2 (fy02=l/2 ■ Py/P x - tana=l/2 • P y /P x /V2) . 
These characteristics provide nearly ideal characteristics 
when 

P y = P x /V2. 

As described above, the second aspect of the invention also 
provides substantially satisfactory characteristics with an 
optical filter of a simple arrangement with just two 
birefringent plates. At least with regard to the horizontal 
scanning direction frequency characteristics, 

characteristics that are close to ideal can be obtained 
regardless of the ratio of the horizontal scanning direction 
pixel interval P x and the vertical scanning direction pixel 
interval P y .. 

An embodiment of the third aspect of the invention of the 
present invention shall now be described with reference to the 
drawings. Fig. 13 is used for • describing the optical 
characteristics of a first birefringent plate 131, a second 
birefringent plate 132, and a third birefringent plate 133. of 
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this embodiment. In this Figure, incident light is supplied 
via a lens to birefringent plates 131, 132, and 133 in the 
direction orthogonal to the paper surface of the Figure. 
Birefringent plate 131 separates the incident light into an 
ordinary ray and an extraordinary ray, and a principle plane 
134, in which these ordinary and extraordinary rays exist and 
which extends perpendicular to the paper surface of the Figure, 
forms an angle of substantially 90 degrees with respect to a 
horizontal scanning direction H. With birefringent plate 132, 
a principal plane 135, in which the ordinary ray and 
extraordinary ray exist, forms an angle of substantially 45 
degrees with respect to the horizontal scanning direction. 
With birefringent plate 133, a principal plane 136 
substantially coincides with the horizontal scanning 
direction H. These three birefringent plates 131, 132, and 
133 are laminated so that second birefringent plate 132 is 
positioned at the middle and are disposed inside the incident 
light path so that the first or the third birefringent plate 
is set at the position closest to a solid-state image pickup 
element. In the description that follows, it shall be deemed 
that the third birefringent plate is disposed at the position 
closest to the solid-state image pickup element. The angles 
formed mutually by the principle planes of the three 
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birefringent plates 131, 132 and 133 are relative angles and 
these angles may be measured clockwise or counterclockwise. 

The general solutions of the separation distances by which 
the incident light is separated by the three;, birefringent 
plates of the present embodiment shall now be "described. 

If d 5 is the separation distance of the ordinary ray and 
extraordinary ray by the first birefringent plate, d 6 is the 

separation distance of the ordinary ray and extraordinary ray 

- _ j, • 

by the second birefringent plate, and d 7 is~~t.he .separation 

\ *- ■ ■* • 

distance of the ordinary ray and extraordinary ray by the third 
birefringent plate, the result of separation of_ incident light 
by the above-described combination of the three birefringent 
plates will be as shown, in Fig. 14. That is, . .the single ray 
of light that is made incident at the origin of Fig. 14 is 
separated by first birefringent plate 131 by just the distance 
d 5 in the direction of 90 degrees with respect to the horizontal 
scanning direction (indicated by the solid line arrow in Fig. 
14) and becomes two light rays of equal intensity, respectively. 
These light rays are then separated respectively by second 
birefringent plate 132 by just the distance de in the direction 
of 45 degrees with respect to the horizontal scanning direction 
(indicated by the broken line arrows in Fig". 14) and become 
four light rays of equal intensity, respectively. These four 
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light rays are then separated respectively by third 
birefringent plate 133 by just the distance d 7 in parallel to 
the horizontal scanning direction (indicated by the alternate 
long and short dash line arrows in Fig. 14), and in the final 
stage, are separated into the eight light rays 141 to 148 of 
equal intensity, respectively, as shown in Fig. 14. 

This optical low-pass filter has the frequency 
characteristics of the product of the frequency 
characteristics of a COS curve, having trap points at points 
of odd multiples of the horizontal frequency l/2-P x /d 7 (= f x oi) 
as normalized by P x /2tt, and the frequency characteristics of 
a COS curve, having trap points at points of odd multiples of 

l/2-P x /d 6 /V2 (= f x02 ) , 
and has, in the vertical direction, the frequency 
characteristics of the product of the frequency 
characteristics of a COS curve, having trap points at points 
of odd multiples of the vertical frequency l/2-P y /d 5 (= f y oi) 
as normalized by P y /27i, and the frequency characteristics of 
a COS curve, having transition trap points at points of odd 
multiples of 

l/2-P y /d 6 /V2 (= f y02 ) • 
That is, this embodiment's low-pass filter has the horizontal 
direction frequency characteristics of COS - f x / f x oi *7t/2 x 
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COSf x /f x o2'7i/2 and has the frequency characteristics ;of 
COSf x /f y oi-K/2 * COSfy/fyoi-7t/2 in the vertical, direction. -*j 

Fig. 15 shows the frequency characteristics of an optical 
low-pass filter of the above-described third aspect of the 
invention for which d 7 = P x , 
d 6 = P x /V2, and d 5 = P y . 
In other words, the frequency characteristics when f x0 i = 1/2, 
fx02 = 1/ fyoi - 1/2 and f y0 2 = P y /?x are shown. Curve 151 of (A) 
of this Figure shows the horizontal scanning . direction 
frequency characteristics and these are good characteristics 
that are exactly the same as the characteristics ofvthe third 
prior-art example (the curve of Fig. 25(A)). 

Curve : 152 of Fig. 15(B) shows the vertical scanning direction 
frequency characteristics and these are good characteristics 
that are extremely close to the ideal characteristics, 
indicated by curve 153 in the same Figure (the curve of Fig. 
19(B) is drawn again) , more so than the characteristics of the 
third prior-art example (the curve of Fig. 25(B)). 

Likewise, Fig. 16 shows the frequency characteristics of 
an optical low-pass filter of the above-described third aspect 
of the invention for which d 7 - P x , 
d 6 ■ Px/V2, 

and d 5 - P y /.2 . In other words, the vertical scanning direction 
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frequency characteristics when f x0 i = 1/2, f xQ2 = 1/ *f y oi s 1 and 
f y o2 = Py/Px are shown. With this example, for the case where 
the energies of the transmitted bandwidth are lowered 
excessively with the above-described first 'embodiment of the 
third aspect of the invention, the attenuation\.characteristics 
of the cutoff bandwidth is sacrificed slightly to improve the 
attenuation characteristics of the transmitted bandwidth; 
The horizontal scanning direction frequency, characteristics 
of this embodiment are the same as those of the first embodiment 
shown in Fig. 15(A). 

With the above example, when P x = P y , the " "fio 11 owing. -holds : 

f y o2 ■ 1 (since f x0 2 a 1 due to d 6 = P x /V2); 
and thus both f x0 2 and f y0 2 can be made close to ideal .values, 
and if P x # P y/ both f X 02 and f y o2 can be made to have balanced 
values so as to provide good frequency characteristics in both 
the horizontal scanning direction and vertical scanning 
direction by making the following hold: 

d 6 = (P x + P y ) /2V2. 
As described above, with the third aspect -of the invention, 
frequency characteristics can be determined independently for 
both the horizontal scanning direction and the vertical 
scanning direction with an arrangement of just three 
birefringent plates, and characteristics that are close to 
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ideal can be obtained for both directions regardless of the 
ratio of the horizontal scanning direction pixel interval P x . 
and the vertical scanning direction pixel interval P y . For 
example, in comparison to the second prior-art example, which 
provides the best characteristics among the prior-art examples, 
whereas the prior-art example is a five-plate arrangement 
including A/4 phase plates, the arrangement of this invention 
is fewer in the number of component plates and yet more improved 
in characteristics. 
Effect (s) of the Invention 

As described above, with the present invention, an optical 
low-pass filter of a performance equivalent to or better than 
prior-art examples can be provided with a fewer number of plates 
in comparison to the prior-art examples and can thus enable 
the attainment of compact size, reduced cost, and improved 
performance . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 shows schematic arrangement drawings used for 
describing the optical characteristics of the respective 
birefringent plates used in an embodiment of the first aspect 
of the invention, Fig. 2 is an explanatory diagram showing the 
manner in which incident light is separated by the first 
embodiment of the first aspect of the invention, Fig. 3 shows 
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characteristics diagrams of the general solutions of the 
optical characteristics of the first aspect of the invention, 
Figs. 4 and 5 are explanatory diagrams showing the manner in 
which incident light is separated by the second and third 
embodiments of the first aspect of the invention, Fig. 6 shows 
optical frequency characteristics diagrams of the 
aforementioned embodiments, Fig. 7 shows schematic 
arrangement drawings for providing optical descriptions of the 
biref ringent plates used in an embodiment of the second aspect 
of the invention, Figs. 8 and 9 are explanatory diagrams showing 
the manner in which incident light is separated by this 
invention, Figs. 10 and 11 are optical frequency 
characteristics diagrams of the first and second embodiments 
of this invention, Fig. 12 is an arrangement diagram of a 
solid-state image pickup element color filter that is suitable 
for application of the optical low-pass filter of the second 
embodiment of this invention, Fig. 13 shows schematic 
arrangement drawings used for providing optical descriptions 
of the respective birefringent plates used in an embodiment 
of the third aspect of the invention,. Fig. 14 is an explanatory 
diagram showing the manner in which incident light is separated 
by this invention, Figs. 15 and 16 are optical frequency 
characteristics diagrams of the first and second embodiments 
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of this invention, Fig. 17 is an enlarged plan view of an example 
of an aperture pattern of a CCD solid-state image pickup element 
to which this invention is applied, Fig. 18 is a spatial 
frequency spectrum diagram obtained by this CCD solid-state 
image pickup element, Fig. 19 shows characteristics diagrams 
of ideal characteristics of an optical low-pass filter that 
is necessary for this CCD solid-state image pickup element, 
Fig. 20 is an explanatory diagram showing the manner of light 
ray separation by an optical low-pass filter of the first 
prior-art example, Figs. 21 and 22 are frequency 
characteristics diagrams of the optical low-pass filter of this 
prior-art example, Figs. 23 and 26 are schematic arrangement 
diagrams of optical low-pass filters of the second and third 
prior-art examples, respectively, Fig. 24 and 27 are 
explanatory diagrams showing the manner of light ray separation 
by these prior-art optical low-pass filters, and Fig. 25 shows 
frequency characteristics diagrams of the optical low-pass 
filters of these prior-art examples. 

11 first birefringent plate, 12 second birefringent 

plate, 13, 14 principal plane, 71 first birefringent 

plate, 72 second birefringent plate, 73, 74 principal 

plane, 131 first birefringent plate, 132 second 
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birefringent plate, 133 third birefringent plate, 134, 135, 

136 principal plane. 
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221 First blrefrlngent plate 

(separation by a distance di = Px In the horizontal direction) 

222 Second birefringent plate 

(separation by a distance d 2 = Px/ 2 in the horizontal direction) 

223 Third birefringent plate 

(separation by a distance d 3 = Pv in the vertical direction) 

224 First A/ 4 phase plate 

225 Second A/ 4 phase plate 
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